Mammalian spermatozoa undergo a series of functional changes in the female 22 2 genital tract before they can fertilize oocytes. Chemokines and their receptors are 23 involved in these complex biological events. However, the detailed molecular 24 mechanisms on the modulation of chemokines on spermatozoa still need to be 25 elucidated. CXCL12, a chemokine, has been widely studied in leukocyte 26 migration and. Here we found that CXCL12 was existent in human cumulus cells 27 and follicular fluid and its receptors CXCR4 and CXCR7 were co-expressed on 28 human spermatozoa. We investigated the effects of CXCL12 on various 29 biological functions of human sperm and which receptor plays a dominant role in 30 these processes. We found that CXCL12 could promote human sperm chemotaxis, 31 motility, penetration in the mucus, acrosome reaction and Ca 2+ influx through 32 CXCR4 rather than CXCR7. In addition, the simplified physical model 33 reasonably explained the change of sperm velocity under the influence of 34 CXCL12 concentration gradient, which was identical to their physiological 35 motion patterns.
7 sperm is curved. That is to say, sperm trajectory will be a circle without 133 considering the influence of random forces of itself and environment. This 134 curvilinear motion originates from the asymmetric swing of flagellum, which 135 deflects the direction of sperm movement. 136 In the resting state, sperm makes a circular motion due to the asymmetric 137 swing of flagellum. When sperm senses chemoattractant concentration, a series 138 of cascade reactions are triggered, which leads to the increase of intracellular 139 concentration of Ca 2+ , and aggravates the asymmetry of flagella oscillation. As a 140 result, the curvature of sperm trajectory increases and the chemotaxis turns. This 141 phenomenon has also been found in a large number of experiments 19 . Now we 142 hope to propose a physical model to explain the effect of chemoattractant 143 concentration on sperm motility velocity. We simplify the head of sperm into a 144 rigid sphere (as shown in Figure 5 ). The dotted line in the figure is the central axis 145 of the ellipsoid head of sperm. We assume that the velocity of sperm is in this 146 direction every moment. F is the force generated by the flagellum.
is the angle 147 of the force departed from the central axis.r represents the size of the sperm.
148
The physical reason for sperm motility is that every point on the flagellum 149 exerts a force on the fluid, which will give the flagellum a reaction force. Under 150 the action of this reaction force, the swing of flagellum causes the forward 151 movement of sperm. If we divide the sperm into two parts, the head and the tail 152 flagellum, then the force of the flagellum on the head will act at the junction of 153 the two parts, as shown in the figure above. It should be noted that the force which is caused by the asymmetry of flagellum swing. It is precisely because the 158 force does not follow the direction of the central axis that makes the head rotate, 159 thus triggering the circular movement of sperm. 160 We can resolve the force of flagellum to the head into two directions: along 161 the axis direction and perpendicular to the axis direction. neutralizing antibody had no effect on the penetration of human spermatozoa in by CXCL12 addition. However, after blocking CXCR7, the Ca 2+ level was not 208 affected (1.011 ± 0.029 vs. 1 ± 0.059; P = 0.836; Fig. 7B ). Ca 2+ level significantly 209 decreased after treated with AMD-3100 even without CXCL12 stimulation 210 (0.885 ± 0.023 vs. 1 ± 0.059; P = 0.836). NNC 55-0396 is a highly selective T-211 type calcium blocker. In this study, it was used to investigate changes in Ca 2+ in 212 sperm influx from human tubal fluid (HTF; ART-1020) medium. We found that 213 exogenous CXCL12 did not change intracellular calcium concentration after 214 NNC pre-treatment (0.945 ± 0.021 vs. 0.894 ± 0.018; P = 0.107).
215
In this study, Ca 2+ ionophore A-23187 was used as a positive control for 216 measuring the percentages of acrosome reactions 23 . We found that CXCL12 and CXCR7 (4.60 ± 0.509%; P = 0.000) and when only blocking CXCR4 (5.24 221 ± 0.602%; P = 0.000; Fig. 8A ).
222

Discussion
223
The complex mechanism why only a few outdoing hundreds of millions of in the present study, we also confirmed that CXCL12 was expressed in human 241 follicular fluid and cumulus granulosa cells, and its receptors CXCR4 and 242 12 CXCR7 were expressed on sperm surface. Therefore, this study speculated that 243 the existence of CXCL12 in female genital tract might affect sperm function after 244 binding with its receptor. 245 We first detected the chemotaxis of CXCL12 on sperm with trans-well 246 method. It was found that the number of down-swimming sperms significantly 247 increased after CXCL12 stimulation and blocking CXCR4 but not CXCR7 248 specifically eliminated the chemotactic attraction of CXCL12 to sperm, 249 suggesting a role of CXCR4 and its downstream pathways in CXCL12 250 chemotaxis during human fertilization.
251
Furthermore, the results of sperm motility showed that only the VCL in all 252 parameters increased significantly after CXCL12 treatment, which was consistent 253 with the findings in other studies that not all kinetics parameters had significant Rovasio, 1998 ; Suarez and Dai, 1992 The concentration of spermatozoa was adjusted to 2 × 10 6 /ml with HTF medium, 380 and air dried, while cumulus cells were cultured in four-well plates for 12 h.
381
Samples were fixed in 4% formaldehyde at room temperature for 30 min, Western blotting 396 Precooled protein extracts were prepared after mixing protease inhibitors and 1 397 mM RIPA buffer with the samples. After 20 min incubation reaction on ice, they 398 were centrifuged at 13,000g for 20 min at 4 °C, and the supernatant was retained.
399
The protein concentration was adjusted to approximately 1 mg/ml with RIPA 400 buffer and boiled for 5 min for denaturation.
401
The protein samples were detected by sodium dodecyl sulfate (Table Ⅰ) : anti-CXCR7 antibody (20 g/ml) and recombinant human CXCL12 (100 ng/ml).
774
A significant decrease in the sperm numbers at both 1 and 2 cm was observed 775 after addition of AMD3100 with or without CXCL12 pre-stimulation (n = 16). 
